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Amplifier bias circuit, method for biasing an amplifier and integrated circuit comprising an 
amplifier bias circuit 

The invention relates to an amplifier bias circuit, a method for biasmram 
amplifier and an integrated circuit comprising an amplifier bias circuit. 

For amplifier devices, such as for example field effect transistors, the 
characteristics are preferred to be as stable as possible. Especially, stability during the 
5 lifetime of the device and under differing environmental conditions is preferred. However, all 
known amplifiers have unstable characteristics which may for example change during the 
amplifier lifetime and/or under different environmental conditions. 

For example, in a field effect transistor (FET) the drain quiescent current 
degrades during the lifetime of the transistor. The degradation is in particular present in the 
10 insulated gate field effect transistor (IGFET), such as the laterally diffused metal oxide 

semiconductor field effect transistor (LDMOSFET). This degradation of the drain quiescent 
current is caused by injection in the drain area of charge carriers with high energies, called 
hot charge carriers. The degradation causes uncontrolled changes in the device performance, 
especially in terms of linearity of the device characteristics. Furthermore, in a FET the drain 
1 5 quiescent current is temperature dependent. Especially for applications with high 

requirements on linearity and efficiency, such as AB-class amplifiers, the temperature 
dependence of the drain quiescent current is a problem. 

From the American patent publication 6 2 88 596 a gate biasing arrangement 
for temperature compensation of a quiescent current of a power transistor is known. The 
20 arrangement comprises a LDMOSFET with its drain and gate interconnected. The gate and 
drain of the LDMOSFET are connected to the gate of a LDMOSFET power transistor via 
either a high resistance resistor or a high inductance inductor. The source of the LDMOSFET 
and the power LDMOSFET transistor are connected to each other. 

The LDMOSFET transistor controls the bias voltage at the gate of the power 
25 LDMOSFET such that the power LDMOSFET is compensated for the temperature 
dependence of the drain quiescent current. 

However, this known biasing arrangement is disadvantageous because changes 
in the device characteristics of the LDMOSFET other than the temperature dependence of the 
drain quiescent current are not compensated for. Hence, the characteristics of the known 
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biasing arrangement are unstable, for instance during the lifetime of the device due to the 
degradation of the drain quiescent current. 

It is a goal of the invention to provide an amplifier bias circuit which gives an 
amplifier stable characteristics* This object is according to the invention realized by an 
5 amplifier bias circuit correctable to an amplifier device comprising: 

= atleastxmeJirst^ensor-devic^fo 

for providing at a first sensor output a bias signal related to the first amplifier characteristic; 

at least one second sensor device for sensing a second amplifier characteristic 
and for providing at a second sensor output a bias signal related to the second amplifier 
10 characteristic; 

which first sensor output and second sensor output are each connectable to at 
least one bias input of said amplifier device. 

An amplifier bias circuit according to the invention provides an amplifier 
device which, if connected to the amplifier bias circuit, has improved characteristics, because 
15 the sensor devices sense more than one characteristic and in use compensate the amplifier 
device via the bias signal for the change in the sensed characteristics. 

The invention further provides a method for biasing an amplifier bias circuit 
and an integrated circuit that comprises an amplifier device, which is connected to at least 
one amplifier bias circuit. Such a method and an integrated circuit also have stable 
20 characteristics, because more than one characteristic is sensed and the amplifier device is 
compensated via the bias signal for the change in the sensed characteristics. The invention 
also provides an apparatus comprising at least an amplifier bias circuit. 

Specific embodiments of the invention are set forth in the dependent claims. 
Further details, aspects and embodiments of the invention will be described with reference to 
25 the attached drawing. 



Fig. 1 shows a block diagram of a first example of an amplifier bias circuit 
according to the invention 
30 Fig. 2 shows a flow-chart of an example of a biasing method according to the 

invention. 

Fig. 3 shows a circuit diagram of an example of an embodiment of an 
amplifier bias circuit according to the invention. 
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Fig. 4 shows a circuit diagram of a second example of an embodiment of an 
amplifier bias circuit according to the invention. 



5 The example of Fig. 1 of an amplifier circuit according to the invention 

comprises a first sensor device 20 and a second sensor device 30 which are both connected to 
an RF amplifier device 10. The first sensor device 20 is connected to the RF amplifier device 
10 via a first bias connection 21 . The first sensor device 20 is able to provide the RF 
amplifier device 10 with abias signal via the first bias connection 21. The second sensor 

10 device 30 is connected to the RF amplifier device 10 via a second bias connection 31 and is 
able to provide the RF amplifier device 10 with a bias signal via the second bias connection 
31. The RF amplifier device 10 has an input EST and an output OUT. At the input IN an RF 
input signal may be presented to the RF amplifier device 10 and in reaction to the input . 
signal an amplified RF signal may be presented to the output OUT by the RF amplifier 

15 device 10. 

In use, the first sensor device 20 senses a first characteristic of the RF 
amplifier device 10, whereas the second sensor device 30 mimics another characteristic of the 
RF amplifier device 10. In the example, the first sensor device and the second sensor device 
sense the respective characteristic via a, not shown, thermal connection and an electrical 

20 connection 31 respectively. However, the sensor may likewise sense the characteristic via a 
different connection or sense the characteristic from a different device than the amplifier 
device which is to be biased. Based on the sensed value of the characteristic to be controlled, 
the respective sensor device 20 resp. 30 provides the RF amplifier device 10 with a bias 
signal to compensate for changes in the characteristic. If for example the first sensor device 

25 20 senses a decrease of the temperature of the RF amplifier device 10, the first sensor device 
20 sends a bias signal to the RF amplifier device 10 via the first bias connection 21 to 
compensate for the temperature dependent change of the quiescent output current or if the 
second sensor device senses a degradation of the quiescent output current, the second sensor 
device 30 sends a bias signal to increase the bias of the RF amplifier device 10. 

30 The first and second sensor 20,30 are communicatively connected to each 

other via connections 22,32. Via these connections the first and second sensor 20,30 may 
provide each other with information about the sensed characteristic. Thereby, each one of the 
sensor device 20,30 can take into account the sensed value of the other sensor to cancel out 
influences of characteristics not to be sensed by the respective sensor. For example, if both 
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sensors are subject to the same conditions and one of the sensors is for sensing a temperature 
dependent part of a characteristic, whereas the other sensor is for sensing a time dependent 
part of the same characteristic, the sensors may exchange information about temperature 
an/or time dependence to deduct the part of the characteristics which the respective sensor 

5 has to sense. This may for example be obtained by implementing the first and second sensor 

de\qce-as^-feedback-circm 



input of the first sensor device and the first sensor output is connected to a second sensor 
input of title second sensor device, such as for example in the circuit according to the 
invention of Fig. 3. 

10 Fig. 2 shows a flow-chart of an example of a method according to the 

invention. In step 300 a first characteristic of an RF amplifier device is sensed. In step 301, 
based on the sensed value of the first characteristic a first bias signal is provided which after 
step 301 is transmitted to the RF amplifier device to control the bias of the RF amplifier 
device. In step 400 a second characteristic of the RF amplifier device is sensed. In step 401 

15 based on the sensed value of the second characteristic a second bias signal is provided which 
after step 401 is transmitted to the RF amplifier device to control the bias of the RF amplifier 
device as well. Each of the first and second bias signal are also transmitted to the operation of 
providing the other bias signals in steps 301,401. 

The first and second sensor may for example comprise sensing amplifier 

20 devices with electrical characteristics which resemble the electrical characteristics of the RF 
amplifier device to be biased. The sensing amplifiers may then be connected in the circuit in 
such a manner that one of the sensing amplifiers is not subjected to one of the changes in the 
characteristics of the RF amplifier device and the other sensor amplifier is subjected to at 
least partially different changes. For example, one of the sensor amplifiers may be thermally 

25 connected to the RF amplifier device and experience degradation changes, while the other 
sensor amplifier device is only thermally connected to the RF amplifier device. Thus one 
sensor amplifier characteristics change with time, while the other sensor amplifier 
characteristics do not. By comparing the characteristics of both sensor amplifier devices, the 
characteristics of the RF amplifier device connected to the bias circuit can be derived and the 

30 bias of the amplifier can be changed in reaction thereto. 

Fig. 3 shows a circuit diagram of an example of an embodiment of the 
invention with insulated gate field effect transistors (IGFET). In the shown example, the 
IGFETs are laterally diffused metal oxide semiconductor field effect transistors 
(LDMOSFETs). Especially LDMOSFETs are prone to degradation of the drain quiescent 
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current during the lifetime of the transistor due to hot electrons. However, for other types of 
FBTs hot electrons may also cause degradation. Furthermore, FETs, and LDMOSFETs in 
particular, suffer from a temperature dependent drift in the drain quiescent current. 

In the example of Fig. 3, an RF transistor 10, is connected with its source slO 
5 to ground. The drain dlO of the RF transistor 10 is connected to an RF output RF_put. The 
gate glO of the RF transistor 10 is connected to an RF input RFJn. The gate glO is also 
connected via a low-pass filter LPF to a bias output Vbias of an amplifier bias circuit 100, in 
the shown example this is the gate g20 of a first sensor transistor 20. 

The gate g20 of the first sensor transistor 20 is connected to the drain d20 of 

10 the first sensor transistor. The source s20 of the first sensor transistor 20 is connected to 
ground. The drain d20 of the first sensor transistor 20 is connected to the drain d30 of a 
second sensor transistor 30 via a resistor R2. The gate g30 of the second sensor transistor 30 
is connected to the gate g20 of the first sensor transistor 20. In the shown example, the gate 
g30 is directly connected to the gate g20, however the gates may also be connected in an 

15 indirect maimer to each other, for example via a resistor, a low pass filter or otherwise. The 
source s30 of the second sensor transistor 30 is connected to ground. The drain d30 of the 
second sensor transistor 30 is connected to a voltage supply Vd via a resistor Rl . Both sensor 
transistors 20,30 are thermally connected to the RF transistor 10. 

The drain d20 of the first sensor transistor 20 is directly connected to the gate 

20 g20 of the first sensor transistor 20. Thereby, the voltage difference between gate g20 and 
drain d20 is zero. In a transistor, the gate is physically located between the source and the 
drain. When there is no voltage difference between gate and drain, then between the gate and 
the drain no electrical fields are present. Thus, no (high) electrical fields are present in the 
drain region of the first sensor transistor. Hence, in the drain region there will be almost no 

25 high energy charge carriers and therefore almost no degradation of the drain quiescent 
current of the first sensor transistor 20. 

Instead of a direct connection, the gate and drain of the first sensor transistor 
20 may be connected to each other via a low-impedance device,. The low-impedance device 
may be any suitable device, such as a low-pass filter and for example comprise passive 

30 devices such as a resistor, capacitor or inductor. 

In the example of Fig. 3, the amplifier bias circuit 100 compensates the bias 
voltage of the RF amplifier device, e.g. of the RF transistor 10, for the degradation of the 
drain quiescent current and the temperature dependent change of the drain current. The first 
sensor transistor 20 provides a bias voltage at its gate g20 to both the second sensor transistor 
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30 and the RF transistor 10. The first sensor transistor 20 is thermally connected to the RF 
transistor 10 and therefore has substantially the same temperature as the RF transistor 10. The 
drain-source current of the first sensor transistor is substantially constant as a function of the 
temperature, due to the strong negative voltage feed-back created by the gate to drain 
5 connection. Hence, if the temperature of the amplifier changes, the temperature of the first 

sensor~transistor20^hanges7^m^ 

with temperature, the voltage between the gate g20 and the source s20 changes and hence the 
voltage bias of the RF transistor 10. 

In contrast to the first sensor transistor 20, the second sensor transistor 30 does 

10 experience a degradation during lifetime due to hot charge carriers similar to the degradation 
of the RF transistor 10. The second sensor transistor 30 experiences a degradation of the 
drain quiescent current because, in use, a voltage difference exists between the gate g30 and 
the drain d30 . The voltage at the gate g30 of the second sensor transistor is controlled by the 
first sensor transistor 20. Hence, the second sensor transistor is, like the RF transistor 10, 

1 5 compensated by the first sensor transistor 20 for the temperature dependent drift of the 
quiescent drain current 

When during the lifetime of the RF amplifier device 10 and the bias circuit 
100 the second sensor transistor 30 experiences a degradation of the drain quiescent current, 
the current flow through the second sensor transistor 30 reduces. Therefore, the current 

20 through the resistor Rl reduces and the voltage drop over the resistor Rl lowers. This lower 
voltage drop of resistor Rl causes an increase of the voltage of the node between the resistor 
Rl and the second sensor transistor 30, i.e. the voltage of the drain d30. This voltage change 
is transferred to the gate g20 through R2 and the drain-gate connection and the voltage at this 
point also increases proportionally establishing new bias point for the first sensor transistor 

25 20. Hence the bias voltage of the amplifier 10 is increased. Thus, the amplifier 10 is 

compensated by the second sensor transistor 30 for the degradation of the quiescent current 
from the drain to the source. Thereby, the voltage at the bias voltage contact Vbias is such 
that the RF transistor 10 is compensated both for temperature drift and for degradation of the 
drain quiescent current. 

30 For obtaining a good thermal coupling between the first sensor transistor and 

the RF transistor, the transistors may be situated in close proximity and for example be 
implemented as an integrated circuit. If the integrated is a single crystal integrated circuit a 
good thermal coupling between the elements is obtained. The single crystal integrated circuit 
may for example be a monolithic microwave integrated circuit (MMIC). 
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The gate glO of the RF amplifier device 10 is connected to the RF input 
RFJn. A non-DC signal may be presented at the RF input RF_in,. The non-DC signal is then 
amplified by the RF amplifier device 10. The amplified non-DC signal is then presented via 
the drain dlO to the RF output RF_out 
5 In the example of fig. 3, the gate glO of the RF amplifier device 10 is 

connected to the bias output Vbias of the amplifier bias circuit 100 via an RF-decoupler 
device, in this example a low-pass filter LPF. In the example, the low pass filter comprises 
two resistors R3,R4 connected in series. The resistors R3,R4 connect the bias output Vbias to 
the gate of the RF amplifier device 10. The node between the resistors R3,R4 is connected to 

10 ground via a capacitor CI . 

The low-pass filter LPF decouples the RF amplifier device 10 from the 
amplifier bias circuit for high-frequency signals. Thus, the RF-signal presented at the RF 
input is prevented from entering the bias circuit 100. Thereby, interference of the signal 
presented at the RF input with signals in the amplifier bias circuit is prevented. However, the 

1 5 low-pass filter may be omitted in a circuit according to the invention. Furthermore, instead of 
the filter in fig. 3, other filters may be used, for example an active filter comprising at least 
one amplifier device may be used or a passive filter with one or more inductors. 

Fig. 4 shows a circuit diagram of an example of an integrated circuit according 
to the invention. The circuit comprises two RF amplifier devices 10,10'. The RF amplifier 

20 device 10 is connected to an amplifier bias circuit 100 with the gate glO. The RF amplifier 
device 10' is also connected to an amplifier bias circuit 100' according to the invention with 
its gate gl0\ The RF amplifier device 10' is connected with the gate glO' to the drain dlO of 
the RF amplifier device 10 via a matching circuit MN2. The drain dlO' of the RF amplifier 
device 10* forms an RF output Rfout of the integrated circuit. The RF amplifier device 10 is 

25 connected with the gate to an RF-input RF_in via a matching circuit MN1 . The sources 
sl0,sl0' of the RF amplifier devices 10,10'are connected to ground. The amplifier bias 
circuits 100,100* are connected to a voltage source Vd. The matching circuits MN1, MN2 are 
arranged to match the impedance of the circuits. 

In use, at the RF-input Rf_in a signal may be presented to theRF amplifier 

30 device 10. The RF amplifier 10 amplifies the signal and presents the amplified signal via the 
matching circuit MN2 to the RF amplifier device 10' which amplifies the amplified signal 
and transmits the signal further to the RF-output. Each of the amplifier bias circuits 100,1 00' 
is similar to the example of a circuit of fig. 3. Thus the circuit 100 provide the RF amplifier 
device 10 with a compensating bias signal and the circuit 100' provide the RF amplifier 
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device 10* with a compensating bias signal. Therefore, the amplifier bias circuits 100,100* 
compensate the RF amplifier devices 10,10' for degradation and temperature drift of the 
drain quiescent current 



several modifications should be apparent In particular, it should be apparent that the RF 
-amplifier-dewce^idd-be-p^^ 

in the example of fig. 3, the drains and sources of the transistors may be interchanged, which 
makes the amplifier circuit compensate for degradation and drift of the source current 
Further, it should be apparent that two or more RF amplifier devices may be connected to a 
single amplifier bias circuit according to the invention. For instance, in the example of fig 3, 
two or more RF-transistors may be connected to the RF-input RF_in. Further, two or more 
RF amplifier devices may be connected to a single bias circuit according to the invention. 
Also, it should be apparent that resistors, capacitors, and inductors may be changed for 
devices with similar characteristics* Furthermore, the sensor device which experiences 
degradation of the drain quiescent current may be implemented such that is has a similar or 
higher degradation compared to the RF amplifier device degradation rate of the drain 
quiescent current, for example by implementing the sensor device as a transistor with 
modified characteristics such as gate length and/or drain extension. 



The invention is not limited to the described examples. After the above, 
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1 . An amplifier bias circuit connectable to an amplifier device, comprising: 

at least one first sensor device for sensing a first amplifier characteristic and 

for providing, at a first sensor output, a bias signal related to the first amplifier characteristic; 

at least one second sensor device for sensing a second amplifier characteristic 
5 and for providing, at a second sensor output, a bias signal related to the second amplifier 

characteristic; 

which first sensor output and second sensor output are each connectable to at 
least one bias input of said amplifier device. 

10 2. An amplifier bias circuit as claimed in claim 1 , wherein the first sensor device 

is for sensing a lifetime dependent characteristic of the amplifier device. 

3 # An amplifier bias circuit as claimed in claims 1 wherein the second sensor 

device is for sensing a temperature dependent characteristic of the amplifier device. 

15 

4. An amplifier bias circuit according to claim 1, wherein the first sensor device 

and the second sensor device are communicatively connected to each other and are able to 
provide each other with a signal related to the sensed characteristic. 

20 5. An amplifier bias circuit as claimed in claim 1, wherein the second sensor 

device and the first sensor device are connected to each other as a feedback circuit, such that 
the second sensor output is connected to a first sensor input of the first sensor device and the 
first sensor output is connected to a second sensor input of the second sensor device. 

25 6. An amplifier bias circuit according to claim 1 , wherein the first sensor output 

and the second sensor output are connected to an RF-decoupling device, which RF- 
decoupling device is connectable to the bias input 
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7. An amplifier bias circuit as claimed in claim 6, wherein the RF-decoupling 
device comprises a low-pass filter. 

8. An amplifier bias circuit as claimed in claim 7, wherein the low-pass filter 
comprises at least two resistor devices in series and the low-pass filter further comprises a 



9. An amplifier bias circuit according to claim 1 , wherein the first sensor device 
comprises a first sensor transistor with at least one voltage input and at least two current 
outputs , and which voltage input is connected to at least one of the current outputs such that 
in use the voltage difference between the input and the output connected thereto is small, 

10. An amplifier bias circuit according to claim 1, wherein the second sensor 
device comprises: 

a second sensor transistor thermally connectable to the amplifier device, which 
second sensor transistor has 

- at least one voltage input and 

- at least two current outputs, 

wherein in use a voltage difference between the voltage input and at least one 
of the current outputs exists. 

11. An amplifier bias circuit as claimed in claim 9 or 10, wherein the first sensor 
transistor is connectable to the amplifier device to form a current mirror circuit. 

12. An amplifier bias circuit according to claim 1, wherein at least one of the 
sensors devices comprises a field effect transistor. 

13. An amplifier bias circuit as claimed in claims 1, wherein at least one of the 
sensor devices comprises an insulated gate field effect transistor. 



14. An amplifier bias circuit as claimed in claim 13, wherein at least one of the 

insulated gate field effect transistors is a laterally diffused metal oxide semiconductor field 
effect transistor. 
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15. An amplifier bias circuit according to claim 1, wherein the amplifier bias 
circuit and the amplifier device are implemented on a single integrated circuit. 

16. An amplifier bias circuit as claimed in claim 1, wherein at least one of the 
sensor devices has at least one characteristic which corresponds to at least one of said 
amplifier characteristics. 

17. A method for biasing an amplifier device comprising the steps of: 
providing first means for sensing a change of a first characteristic of said 

amplifier device; 

providing a first bias signal related to said change; 

providing second means for sensing a change of a second characteristic of the 
amplifier device; 

providing a second bias signal related to the second characteristic of the 

amplifier device; and 

presenting the bias signals to at least one bias input of the amplifier device. 

18. An integrated circuit comprising an amplifier device which is connected to at 
least one amplifier bias circuit, the amplifier bias circuit comprising: 

at least one first sensor device for sensing a first amplifier characteristic and 
for providing at a first sensor output a bias signal related to the first amplifier characteristic; 

at least one second sensor device for sensing a second amplifier characteristic 
and for providing at a second sensor output a bias signal related to the second amplifier 
characteristic; 

which first sensor output and second sensor output are each connectable to at 
least one bias input of said amplifier device . 

19. An integrated circuit as claimed in claim 1 8 wherein the integrated circuit is a 
single crystal integrated circuit. 

20. Apparatus comprising an amplifier bias circuit connectable to an amplifier 
device, the amplifier bias circuit comprising: 

at least one first sensor device for sensing a first amplifier characteristic and 
for providing at a first sensor output a bias signal related to the first amplifier characteristic; 



r 
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at least one second sensor device for sensing a second amplifier characteristic 
and for providing at a second sensor output a bias signal related to the second amplifier 
characteristic; 

which first sensor output and second sensor output are each connectable to at 
least one bias input of said amplifier device. 
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An amplifier bias circuit connectable to an amplifier device, comprising a first 
sensor device for sensing a first amplifier characteristic and for providing at a first sensor 
output a bias signal related to the first amplifier characteristic. The circuit further comprises a 
second sensor device for sensing a second amplifier characteristic and for providing at a 
second sensor output a bias signal related to the second amplifier characteristic. The first 
sensor output and second sensor output are each connected to an amplifier connect 
connectable to a bias input of said amplifier device. 



Fig.l 
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